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Fluctuations in Sire Evaluations 
D. C. BOLGIANO,  L. D. VAN VLECK, 
and R. W. EVERETT 
Department of Animal Science 
Cornell University 
Ithaca, NY 14853 
ABSTRACT 
Large fluctuations in an artificial 
insemination sire's evaluations concern 
both dairymen and artificial insemination 
studs. Characteristics of three bulls with 
high initial values which dropped on later 
evaluations were compared with those of 
17 "normal" bulls. Characteristics in- 
cluded genetic yield, management, genet- 
ic trend, environmental trend, and size of 
herds where daughters freshened, genetic 
merit of mates, and average age at fresh- 
ening of daughters in first lactation. Evi- 
dence suggests that fluctuations are from 
preferential treatment of daughters of some 
sires as well as randomness inherent in 
methods of sampling and evaluating sires. 
INTRODUCTION 
Over the last few decades accurate evalua- 
tion of dairy sires has been emphasized. Devel- 
opment of mixed model techniques for hand- 
ling unbalanced ata (1, 2, 3) led to the North- 
east Artificial Insemination Sire Comparison 
(NEAISC) (4, 5, 6) used in New England and 
New York State. Recently, for several bulls 
from a stud in this region superior first evalua- 
tions dropped sharply on subsequent evalua- 
tions. Such changes in sire evaluations may be 
due to the random nature of sire sampling 
procedures or unaccounted sources of bias in 
evaluation procedures. In either case, such 
phenomena cause dairymen to have less confi- 
dence in methods of evaluation. This study 
attempted to determine what caused the 
phenomena. 
METHODS 
Methods to purchase and sample unproven 
sires were examined first. Bulls in the stud with 
high NEAISC ratings are mated to cows with 
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high estimated transmitting abilities (ETA's). 
Male calves which result from these planned 
matings are brought into the stud, and at 
about a year of age, semen collection begins. 
An initial sample of 800 breeding units for each 
young sire is distributed evenly among the 
districts. Each AI (artificial insemination) 
technician usually receives six breeding units 
from a sire to use at his discretion in herds of 
consenting dairymen. Semen from these un- 
proven sires is least expensive. 
These sires are evaluated when complete 
records of milk in first lactations are available 
on at least 20 of their daughters. The first 
evaluation is based on complete records and 
other records in progress. A decision whether to 
keep a bull is subject o his first evaluation. 
Those bulls returned to service will produce 
a second crop of daughters and be reevaluated. 
The second-crop evaluation is based on all new 
records of first lactations and those that went 
into the first evaluation. Usually the number of 
second-crop daughters is much greater than the 
number in the first crop (Table 1), so the 
second evaluation is weighted heavily by new 
records. 
When NEAISC evaluations are computed, a
confidence range (CR) is calculated for each 
bull. This figure is an approximate 68% confi- 
dence interval for the transmitting ability of the 
bull where daughter milk yields and sire trans- 
mitting abilities have multivariate normal 
distribution. In other words, the interval of 
NEAISC evaluation + CR should contain the 
transmitting ability 68% of the time. A bull's 
transmitting ability is never known, but succes- 
sive unbiased predictions with increasing 
amounts of information should approach 
it. Therefore, about 68% of later predictions 
would be expected to lie in the confidence 
range of the first evaluation. As in Table 1, 
most do lie in this interval. 
In the NEAISC procedure the model for a 
cow's record of milk is 
Yijkl = hi +gj + Slk + eijkl 
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TABLE I. NEAISC sire evaluations (kg/milk). 
761 
1st proof 2nd proof Eval- 
Con- uation 
No. of fidence No. of change 
Sire Eval- daugh- range Eval- daugh- (2rid- 
reg. no. uation ters (kg) uation ters lst) 
1466325 149 40 178 184 1308 35 
1466511 413 43 172 345 4268 -68 
1471074 121 26 200 265 277 144 
1471438 60 39 178 15 198 -45 
1473693 303 40 178 166 184 -137 
1476679 a 518 78 195 367 4331 -151 
1492023 534 21 213 417 2387 -117 
1492322 455 19 218 343 761 -112 
1495709 303 33 186 376 929 73 
1498036 153 23 204 35 378 -118 
1499133 564 27 200 742 971 178 
1507569 323 40 178 214 1151 -109 
1511167 451 30 190 504 1198 53 
1516360 203 37 181 620 751 417 
1517540 226 26 200 5 419 -221 
1520161 a 485 41 172 305 1697 -180 
1520162 425 26 200 487 436 62 
1526102 275 30 190 283 868 8 
1536450 612 52 159 752 310 140 
1537060 a 468 39 178 53 558 -415 
aproblem bull. 
where h is the herd-year-season f freshening; g 
is the sire group, grouping by stud and year 
entered service; s is the part icular sire within 
group;  and e is the random error term associa- 
ted with the record. The herd and group effects 
are f ixed while sires are random. In matr ix  
notat ion ,  the mixed model  is 
y=X~+Zu+e 
where y is the vector of records of  first lacta- 
t ion of  the daughters of all bulls to be evalua- 
ted, X and Z are known design matrices,  ~ is a 
vector of unknown fixed herd and group 
effects, u is a vector of  unknown random sire 
effects, and e is a vector of random error terms. 
The model  includes E(y) = X3, E(u) = 0, E(e) = 
0, Var(u)  = G = A(b2/4)o  2, Vat(e)  = Ra 2, and 
Cov(u,e) = 0, where A is the matr ix  of  addit ive 
relat ionships among sires, o 2 is the pbenotyp ic  
variance of  milk, and b 2 is her i tabi l i ty  of  mi lk 
yield. Est imates of f ixed and random effects are 
obta ined by solving the mixed model  equat ions 
This br ief  examinat ion  of the sire sampling 
procedure and evaluat ion method suggests a 
few possible sources of  bias. The average 
mer i t  of  herds associated with sires may vary, 
but  by comput ing  as if herds are fixed, 
this bias is removed (7). A cow's record is 
classified by herd, year, and season of freshen- 
ing (herd-year-season). Presently,  the year is 
divided into two seasons, December  through 
April and May through November.  The distr ibu- 
t ions of f reshening dates of  first lactat ions of 
daughters were examined to see if any bulls 
had a large percent  of daughters freshening over 
a short  interval in a part icular season which 
could bias compar isons if seasonal ad justments  
were incorrect.  The d is t r ibut ion of  freshenings 
was not  d isproport ionate  (11). 
The model  includes an effect for each 
herd-year-season which should account  for 
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environmental differences between cows fresh- 
ening in different herds or in the same herds 
but in different year-seasons. The model  does 
not account for different treatment of cows 
within the same herd-year-season. If some cows 
in a herd are treated preferentially, their 
records will reflect that treatment, and their 
sires' evaluations may be biased. 
Another potential problem concerns the 
genetic merit  of mates of unproven sires. The 
average merit of mates of  different bulls needs 
to be equal. If some bulls were mated to 
superior cows while others had genetically 
inferior mates, then daughter ecords would not  
reflect clearly differences between their sires' 
genetic values. 
Records in sire evaluation are corrected for 
fixed effects including number of  times milked 
per day and age and month at freshening. 
Incorrect adjustment factors might cause a bull 
to be evaluated unfairly; e.g. if the average age 
at freshening of first-crop daughters of two 
bulls differed significantly and incorrect factors 
were used to adjust the records, the resulting 
evaluations would be inaccurate. 
Most of  the suggested explanations for 
changes in sire evaluations can be checked by 
analyzing product ion records, but the problem 
of detecting preferential t reatment  within a 
herd is more difficult. Our approach was to 
compare characteristics of  herds in which 
daughters freshened. If daughters o f  a particular 
sire were given special t reatment  in many 
different herds, the herds might have common 
features. Information was compiled on all herds 
where 20 sires had their first- and second-crop 
daughters. Data were collected for each of  three 
"prob lem"  bulls and five to seven other bulls 
TABLE 2. Average sizes of daughters' herds. 
Bull Ist crop 2nd crop 
Change 
(2nd-- 
lst) 
1466325 109.70 93.14 -16.56 
1466511 118.00 96.27 -21.73 
1471074 100.60 89.20 -11.40 
1471438 84.80 80.29 -4.51 
1473693 99.72 86.50 -13.22 
1476679 a 88.07 102.50 14.43 
1492023 94.27 96.07 1.80 
1492322 107.00 92.20 -14.80 
1495709 95.18 92.54 -2.64 
1498036 81.32 95.06 13.74 
1499133 95.23 104.50 9.27 
1507569 100.70 85.96 -14.74 
1511167 105.10 104.10 -1.00 
1516360 94.98 96.92 1.94 
1517540 75.74 101.90 26.16 
1520161 a 107.40 93.79 -13.61 
1520162 98.94 89.27 -9.67 
1526102 97.69 91.33 -6.36 
1536450 84.84 90.30 5.46 
1537060 a 93.83 104.60 10.77 
Average 
All bulls 
Problem bulls (~) 
Others (~) 
s~ _y 
96.66 
96.43 
96.69 
6.71 
94.32 -2.34 
(2.83) b 
100.30 3.87 
93.27 -3.42 
aproblem bull. 
bstandard error of mean. 
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which entered service dur ing the same year. 
Characterist ics compared were herd size, 
genetic merit  of the herd, management ,  genetic 
trend,  and env i ronmenta l  trend. The averages of 
each of  the first three characterist ics were 
calculated for every bull over all herds where 
these 20 sires had their  first- and second-crop 
daughters. Genet ic  and env i ronmenta l  t rends 
were calculated by regressing the di f ferences 
between herd average as computed  by  the 
Northeast  cow ETA (NEA -1 ETA) procedure 
and breed average on years 1964 through 1977 
(coded 1 to 14). For  each herd, genetic and 
env i ronmenta l  t rends were coded as 1 for a 
t rend greater than or equal to zero and 0 for a 
t rend less than zero. The percent  of daughters  
in each crop appearing in herds with trends 
greater than or equal to zero was tabulated for 
each sire. 
Differences between f irst-crop means and 
second-crop means of  herd  size, genetic mer i t  
and management  of  herds, dam ETA's,  and 
average age at f reshening were tested for 
signif icance by a " t "  stat ist ic for each charac- 
teristic. The same procedure was used to test 
for di f ferences between first-crop means of  
"prob lem"  bulls and "normal"  bulls. In this 
case a pooled est imate of  variance for all 
f irst-crop means of  each character ist ic was 
computed  for each test as if the variances were 
common.  Genet ic  and env i ronmenta l  t rend data 
were tested for equal i ty of  medians between 
the "prob lem"  and "normal"  groups for both  
first and second crops. 
RESULTS AND DISCUSSION 
As a cow seems more l ikely to receive 
preferent ia l  t reatment  in a small herd than in a 
TABLE 3. Average genetic merits of daughters' herds (kg/milk). 
Bull 1st crop 2nd crop 
Change 
(2nd-  
lst) 
1466325 134.2 96.5 -37.7 
1466511 68.8 118.1 49.3 
1471074 161.7 86.5 -75.2 
1471438 114.5 62.4 -52.1 
1473693 133.3 98.4 -34.9 
1476679 a 69.7 81.6 11.9 
1492023 212.5 135.5 -77.0 
1492322 133.7 119.9 -13.8 
1495709 106.1 141.0 34.9 
1498036 116.2 91.9 -24.3 
1499133 52.8 159.0 106.2 
1507569 52.8 108.4 55.6 
1511167 111.4 138.4 27.0 
1513630 92.6 119.2 26.6 
1517540 9.7 138.0 128.3 
1520161 a -36.4 109.4 145.8 
1520162 74.6 167.8 93.2 
1526102 84.9 137.0 52.1 
1536450 -65.2 191.6 256.8 
1537060 a 108.4 80.9 -27.5 
Average 
All bulls 86.8 
Problem bulls (3) 47.2 
Others (9) 93.8 
S~-~ 39.9 
119.1 32.3 
(18.75) b
90.6 43.4 
124.1 30.3 
aproblem bull. 
bstandard error of mean. 
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large one, herd size was examined for differen- 
ces between the first- and second-crop averages 
of all bulls (Table 2). The first-crop average for 
"problem" bulls also was compared with the 
first-crop average of other bulls. No differences 
were significant (P>.05). 
Genetic and management levels of herds 
were examined for similarities among problem 
bulls. Average genetic merit of herds where 
problem bulls had their first-crop daughters did 
not vary significantly (P>.05) from those where 
other bulls were used (Table 3). In general, 
second-crop daughters appeared in herds with 
higher genetic averages than the first crop as 
would be expected with upward genetic trend 
in the population (9, 10). 
The first-crop daughters of problem bulls 
were in better managed herds (P<.05) than the 
other bulls (Table 4), but since herd-year-season 
effects are considered fixed in the model, this 
should not bias evaluations. Superior manage- 
ment in these herds may indicate a greater 
likelihood of preferential treatment, but this is 
only speculative. 
Most of the daughters used to evaluate these 
bulls were in herds with positive genetic trend 
(Table 5). This was true for both first- and 
second-crop daughters of problem and normal 
bulls. In contrast, only about half of the 
daughters were in herds with positive environ- 
mental trend (Table 6). On a median test (8), 
we concluded (P>.05) that the distribution of 
percent of cows in herds with positive genetic 
and environmental trends did not differ signifi- 
cantly among problem bulls and others in both 
first and second crops. 
TABLE 4. Average management of daughters' herds a (kg/milk). 
Bull 1st crop 2nd crop 
Change 
(2nd- 
lst) 
1466325 6622.4 6690.5 68.1 
1466511 6763.1 6826.6 63.5 
1471074 6726.8 6722.2 -4.6 
1471438 6908.2 6568.0 -340.2 
1473693 6844.7 6749.4 -95.2 
1476679 b 6930.9 6989.9 59.0 
1492023 6808.4 6817.5 9.1 
1492322 6649.7 6699.6 49.9 
1495709 6695.0 6822.0 127.0 
1498036 6767.6 6690.5 -77.1 
1499133 6604.3 6812.0 208.6 
1507569 6912.8 6654.2 -258.5 
1511167 6540.8 6785.7 244.9 
1513630 6930.9 6881.0 -49.9 
1517540 6699.6 6704.1 4.5 
1520161 b 7003.5 7080.6 77.1 
1520162 6908.2 6822.0 -86.1 
1526102 6681.4 6840.2 158.8 
1536450 6722.2 6826.6 104.3 
1537060 b 6899.1 7144.1 244.9 
Average 
All bulls 6781.0 6806.3 25.3 
(33.7) c 
Problem bulls (~') 6944.5 7071.5 127.0 
Others (~) 6752.1 6759.5 7.4 
S~-~ 70.9 
aManagement level of a herd is obtained as a solution for a particular herd-year-season ffect in the Northeast 
A -~ ETA procedure. 
bproblem bull. 
CStandard error of mean. 
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Average ETA's of  dams of  first- and second- 
crop daughters for each bull were calculated 
from available records. Not  all daughters 
had dams with ETA's. The average ETA's of  
dams of second-crop daughters were substan- 
tially higher (P<.05) than ETA's of dams of 
first-crop daughters (Table 7). The average 
difference of  63 kg may be explained partly by 
positive genetic trend in the populat ion al- 
though it seems unlikely that dairymen or 
technicians would mate best cows to unproved 
sires. The average ETA of dams of first-crop 
daughters of problem bulls was higher than the 
average for regular bulls, but the difference was 
not  significant (P>.05). Nevertheless, the 
superiority of 53 kg suggests that problem bulls 
generally were mated to better cows than 
regular bulls and may indicate a potential for 
preferential treatment. 
Finally, averages for age at freshening of 
daughters of these bulls were examined (Table 
8). The average age at freshening of first-crop 
daughters was greater than the average of 
second-crop daughters. The difference of  
almost a month  was significant (P>.05), but  it 
was across all bulls so it should not  bias evalua- 
tions of  particular bulls. There was not  a 
substantial difference (P>.05) in  average age at 
freshening between first-crop daughters of  
problem bulls and regular bulls. 
CONCLUSIONS 
There appear to be several potential  causes 
for f luctuations, including preferential treat- 
ment of  daughters, nonrandom mating of  
unproven sires to cows, and inherent random- 
ness of the sampling procedures. Some combin- 
ation of  these three factors probably causes 
evaluations to change. Preferential t reatment 
can be identif ied only after the fact; therefore, 
it cannot be accounted for in the model. To 
remove its effects on evaluation, preferential 
t reatment must be eliminated. 
There has been some tendency to mate 
certain unproven bulls to genetically-superior 
TABLE 5. Average coded genetic trends of daughters' 
herds, a
1St 2nd 
Bull crop crop 
1466325 1.0000 .8219 
1466511 .7826 .8521 
1471074 .8000 .8018 
1471438 .9000 .7633 
1473693 .7222 .7778 
1476679 b .6667 .8180 
1492023 .8667 .8406 
1492322 .9048 .8113 
1495709 .8929 .8343 
1498036 .8214 .7702 
1499133 .8372 .8503 
1507569 .8828 .8026 
1511167 .9474 .8583 
1513630 .8163 .8425 
1517540 .7778 .8405 
1520161 b .7797 .8232 
1520162 .9063 .8313 
1526102 .8462 .8083 
1536450 .6491 .8367 
1537060 b .9310 .8034 
Median .8400 .8226 
acoded 1 for trend greater than or equal to zero 
and 0 for negative trend. 
bproblem bull. 
TABLE 6. Average coded environmental trends of 
daughters' herds, a
1 st 2nd 
Bull crop crop 
1466325 .5909 .5719 
1466511 .4783 .5695 
1471074 .7333 .5680 
1471438 .5500 .6213 
1473693 .6667 .7014 
1476679 b .4000 .5712 
1492023 .7333 .6219 
1492322 .5238 .5758 
1495709 .5000 .6067 
1498036 .5714 .6311 
1499133 .3721 .5850 
1507569 .5156 .5738 
1511167 .5263 .5842 
1513630 .6531 .6103 
1517540 .5556 .5429 
1520161 b .6271 .6146 
1520162 .5313 .5639 
1526102 .5641 .5798 
1536450 .5614 .5578 
1537060 b .5517 .6050 
Median .5535 .5820 
acoded 1 for trend greater than or equal 
and 0 for negative trend. 
bproblem bull. 
tO zero  
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TABLE 7. Average ETA's of daughters' dams (kg/milk). 
Bull 1st crop 2nd crop 
Change 
(2nd- 
lst) 
1466325 20.1 110.8 90.4 
1466511 26.3 125.4 99.1 
1471074 -44.8 106.9 151.7 
1471438 31.4 96.7 65.3 
1473693 149.9 108.6 -27.6 
1476679 a 146.1 140.7 -5.4 
1492023 99.4 131.5 32.1 
1492322 85.7 119.5 33.8 
1495709 67.5 164.8 97.3 
1498036 9.9 123.8 113.9 
1499133 42.4 118.5 76.1 
1507569 47.3 110.7 63.4 
1511167 114.4 119.8 5.4 
1513630 42.6 131.2 88.6 
1517540 112.0 143.7 31.8 
1520161 a 62.3 161.2 98.9 
1520162 99.8 157.0 57.2 
1526102 105.4 159.5 54.2 
1536450 72.1 181.0 109.0 
1537060 a 143.0 168.1 25.1 
Average 
All hulls 71.6 
Problem bulls (~) 117.1 
Others (~) 63.6 
S~_~ 30.2 
134.0 62.4 
(10.1) b 
156.7 39.6 
130.0 66.4 
aproblem bull. 
bstandard error of mean. 
cows. This might be considered preferential 
treatment of the bulls. Both this problem and 
the problem of preferential treatment of  
daughters might be avoided by withholding 
identities of  unproven sires when their semen is 
distributed originally. All pert inent information 
except pedigree could be given to the dairymen, 
estimated transmitt ing ability, type information 
on parents, etc. This would assure dairymen 
that they are using good semen but would keep 
their personal preferences from biasing evalua- 
tions. Such a system certainly would not be 
acceptable to purebred breeders but might have 
some appeal to commercial  dairymen where 
selection of unproven sires is mainly by techni- 
cians. 
The most probable explanation is that 
f luctuations are inherent in the random samp- 
ling procedures. When f luctuations of  all 20 
sires are examined (Table 1), not  only problem 
bulls show large changes. Problem bulls are 
bulls that had high initial evaluations and 
dropped later. Other bulls showed changes of 
similar magnitude, but either had lower first 
evaluations and then declined or the change was 
upward, pointing out that the acquisition of 
problem status is arbitrary. 
There appears to be a need for a sire samp- 
ling system that removes preferential treatment. 
A system such as suggested here seems to 
warrant consideration. It also must be stressed 
both to those who sell semen and to dairymen 
who use it that the method of sire evaluation is 
based on variability inherent in the populat ion 
and the random nature of Mendelian inheri- 
tance. Therefore, a certain amount  of  variation 
is expected between subsequent evaluations of 
a sire. 
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Bull 1st crop 2nd crop 
Change 
(2nd-  
1st) 
1466325 26.80 28.23 1.43 
1466511 27.52 28.23 .71 
1471074 32.90 27.94 -4.97 
1471438 28.09 28.43 .34 
1473693 27.81 27.64 -.17 
1476679 a 30.26 29.91 -.35 
1492023 28.23 28.23 .00 
1492322 29.19 28.19 -1.00 
1495709 28.42 27.48 -.94 
1498036 30.33 28.80 -1.53 
1499133 27.72 28.12 .40 
1507569 28.32 28.46 .14 
1511167 28.60 28.41 -.19 
1513630 26.97 28.09 1.12 
1517540 27.54 27.34 -.20 
1520161 a 28.54 27.00 -1.54 
1520162 27.18 27.04 -.14 
1526102 29.34 26.96 -2.38 
1536450 28.89 25.35 -3.54 
1537060 a 28.88 25.51 -3.37 
Average 
All bulls 28.58 
Problem bulls (-x) 29.23 
Others (~) 28.46 
s~_~ .78 
27.77 -.81 
(.37) b 
27.47 -1.76 
27.82 -.64 
aproblem bull. 
bstandard error of mean. 
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